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Description 

This  invention  relates  to  the  testing  of  semiconductor  rectifiers  and,  more  particularly,  to  the  testing  of 
such  rectifiers  which  are  mounted  on  the  rotors  of  brushless  alternating  current  generators. 

5  Alternating  current  synchronous  generators  of  the  brushless  type  are  supplied  with  field  excitation  from 
an  alternating  current  exciter  and  a  rotating  rectifier  assembly.  In  such  generator  systems,  the  main 
generator  has  armature  windings  on  the  stator  and  the  field  winding  on  the  rotor.  A  main  alternating  current 
exciter  is  provided  which  has  its  field  winding  on  the  stator  and  its  armature  winding  on  a  rotor  which  is 
carried  on  the  same  shaft  as  the  rotor  of  the  main  generator,  or  is  otherwise  mounted  for  rotation  with  that 

io  rotor.  A  rotating  rectifier  assembly  is  mounted  on  the  same  shaft,  for  rotation  with  the  generator  and  exciter 
rotors,  and  is  electrically  connected  between  the  exciter  armature  winding  and  the  generator  field  winding. 
The  stationary  exciter  field  winding  is  supplied  with  direct  current  excitation  from  any  suitable  source,  which 
may  be  independent  of  the  main  generator,  such  as  a  pilot  exciter.  In  this  way,  a  generator  system  is 
provided  which  requires  no  commutator  or  slip  rings,  and  no  brushes  or  sliding  contacts. 

75  In  a  typical  brushless  alternator  for  use  in  aerospace  applications,  the  rotor  turns  at  several  thousand 
revolutions  per  minute.  DC  current  in  the  stationary  exciter  field  winding  produces  a  three  phase  AC  output 
on  the  rotor  that  is  rectified  by  diodes  mounted  on  the  rotating  shaft.  The  rectified  output  is  supplied  to  the 
rotating  field  winding  which  is  used  to  produce  a  rotating  field  that  is  used  to  generate  the  main  AC  output 
of  the  machine.  The  environment  on  the  rotor  is  extremely  hostile  to  the  rotating  rectifiers,  combining  high 

20  temperatures  with  high  vibration  and  very  high  acceleration  forces  due  to  rotation.  Consequently,  failures  of 
the  rectifiers  can  occur.  The  rotating  rectifiers  usually  fail  shorted.  This  causes  the  alternator  excitation 
requirements  to  increase  by  about  100%.  The  increased  current  causes  overheating  of  the  exciter  and 
ultimately  complete  failure  of  the  windings. 

Circuits  have  been  developed  to  detect  diode  failures  on  operating  alternators,  as  illustrated  by  U.S. 
25  Patents  No.  3,210,603  and  3,534,228.  Those  circuits  detect  the  ripple  current  induced  in  the  exciter  field 

winding  by  the  unbalanced  conduction  of  the  rectifier  bridge.  The  induced  ripple  current  is  at  the 
fundamental  exciter  frequency  and  has  a  magnitude  proportional  to  the  load  on  the  machine.  To  test 
alternators  with  those  circuits,  the  alternators  must  be  mechanically  connected  to  an  external  drive  source, 
such  as  an  aircraft  engine  or  test  stand.  This  makes  such  testing  time  consuming. 

30  It  is  an  object  of  this  invention  to  develop  a  method  for  testing  these  rectifiers  statically,  that  is,  without 
rotating  the  alternator  rotor. 

This  invention  encompasses  a  method  for  testing  rotor  rectifiers  of  a  brushless  alternator  statically, 
without  rotating  the  rotor  of  the  machine.  To  perform  the  method  of  this  invention,  an  AC  voltage  is  applied 
to  an  exciter  field  winding  of  a  brushless  alternator  having  a  plurality  of  rectifiers  mounted  on  the  rotor,  with 

35  the  rectifiers  being  electrically  connected  to  an  exciter  armature  winding  that  is  inductively  coupled  to  the 
exciter  field  winding.  The  magnitude  of  an  even  harmonic  of  the  current  in  the  exciter  field  winding  is 
measured  and  is  compared  to  a  predetermined  reference  value  to  obtain  an  indication  of  the  operational 
status  of  at  least  one  of  the  rectifiers. 

A  circuit  which  performs  the  method  of  this  invention  includes  an  AC  voltage  source  for  applying  an  AC 
40  voltage  to  the  exciter  field  winding  of  the  brushless  alternator.  A  measuring  circuit  measures  the  magnitude 

of  an  even  harmonic  of  the  current  in  the  exciter  field  winding  and  the  magnitude  of  the  even  harmonic 
current  component  is  compared  to  a  predetermined  value  to  obtain  an  indication  of  the  operational  status  of 
at  least  one  of  the  rectifiers. 

Since  this  invention  performs  the  rectifier  test  when  the  rotor  is  stationary  with  respect  to  the  alternator 
45  stator,  there  is  no  need  to  couple  the  alternator  rotor  to  an  external  mechanical  drive  source  so  that  the  time 

required  to  test  the  rectifiers  is  significantly  reduced  from  the  time  required  with  prior  art  techniques. 
The  invention  will  become  more  readily  apparent  from  the  following  description  of  the  preferred 

embodiment  thereof,  shown  by  way  of  example  only,  in  the  accompanying  drawings  wherein: 
Figure  1  is  a  schematic  diagram  of  a  synchronous  brushless  alternator  and  an  associated  test  circuit  for 

50  performing  the  method  of  of  the  present  invention; 
Figure  2  is  a  block  diagram  of  the  test  circuit  of  Figure  1  ; 
Figures  3A  and  3B  show  a  schematic  diagram  of  the  circuit  of  Figure  2; 
Figure  4  is  a  plot  of  the  output  of  the  filter  in  the  circuit  of  Figures  3A  and  3B  verses  rotor  angle;  and 
Figure  5  is  a  plot  of  the  total  exciter  field  winding  current  verses  rotor  angle. 

55  Referring  to  the  drawings,  Figure  1  is  a  schematic  diagram  of  a  synchronous,  brushless  alternator  10 
and  an  associated  rectifier  test  circuit.  The  brushless  alternator  includes  a  main  armature  winding  12  which 
is  mounted  on  the  stator  and  electrically  connected  to  provide  three  phase  output  power  to  terminals  14,  16 
and  18.  A  rotor  20  is  mounted  for  rotation  with  respect  to  the  stator  and  carries  a  three  phase  exciter 
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armature  winding  22.  The  output  of  the  exciter  armature  winding  is  connected  to  a  bridge  configuration  24 
of  rectifiers  26  which  supply  rectified  current  to  a  main  field  winding  28.  An  exciter  field  winding  30  is 
mounted  on  the  stator  and  inductively  coupled  to  the  exciter  armature  winding  22.  In  normal  operation,  the 
exciter  field  winding  30  is  supplied  with  DC  current.  However,  when  conducting  the  tests  of  this  invention, 

5  the  exciter  field  winding  is  connected  to  an  external  AC  voltage  source  32.  This  voltage  source  must  supply 
AC  voltage  of  sufficient  magnitude  to  overcome  the  forward  voltage  drop  of  the  rectifiers  in  the  bridge 
circuit  on  the  rotor.  The  current  into  the  exciter  field  winding  30  is  sensed  through  the  use  of  a  shunt 
resistor  34  to  produce  a  signal  representative  of  that  current  on  lines  36  and  38. 

Normal  diode  conduction  produces  symmetrical,  odd  harmonics  in  the  sensed  current.  A  shorted 
io  rectifier,  however,  produces  distorted  currents  which  appear  as  even  harmonics  of  the  applied  voltage 

frequency.  For  example,  if  the  applied  voltage  is  at  400  hertz,  a  component  of  800  hertz  can  be  detected  in 
the  current  signal.  A  bandpass  filter  40  is  used  to  separate  the  even  harmonic  component  and  produce  a 
signal  representative  of  that  component  on  line  42.  That  signal  is  compared  by  comparator  44  with  a 
predetermined  reference  signal  supplied  on  line  46  to  obtain  a  signal  which  represents  the  operational 

is  status  of  the  rotor  rectifiers  at  48.  The  magnitude  of  the  total  current  signal  can  also  be  compared  with  a 
predetermined  magnitude  signal  supplied  at  50. 

A  suitable  band  pass  filter  can  be  used  to  separate  out  the  even  harmonic  component  from  the 
fundamental  current  signal  and  other  harmonics  so  that  the  level  of  the  appropriate  harmonic  can  be  read 
on  an  AC  volt  meter  and,  with  suitable  switching  circuits,  the  applied  AC  voltage  and  total  current  signals 

20  may  be  read  as  well. 
Both  the  total  exciter  field  coil  current  and  filter  outputs  vary  considerably  as  the  rotor  is  slowly  rotated, 

thereby  changing  the  voltage  applied  to  a  shorted  rectifier.  It  has  been  experimentally  determined  that  the 
current  increases  by  about  50%  while  the  filter  output  changes  by  a  factor  of  15  with  respect  to  their  normal 
values.  This  feature  is  very  distinctive  for  an  alternator  with  a  failed  rectifier. 

25  It  should  be  noted  that  there  is  a  unique  electrical  position  of  the  rotor  where  the  conduction  through  a 
shorted  rectifier  creates  no  even  harmonics.  However,  this  position  is  very  sensitive  and  is  equivalent  to  a 
null  in  a  bridge  circuit.  Very  slight  changes  in  the  rotor  position  will  move  it  from  the  null.  Therefore,  it  is 
unlikely  that  a  failed  rectifier  will  not  be  detected  by  the  circuit  of  this  invention. 

Figure  2  is  a  block  diagram  of  a  specific  embodiment  of  the  test  circuit  of  Figure  1  .  An  oscillator  52  is 
30  used  to  generate  an  80  kilohertz  clock  signal  on  line  54.  This  clock  signal  is  divided  by  a  frequency  divider 

56  to  provide  a  400  hertz  square  wave  via  line  58  to  amplifier  60.  That  square  wave  is  amplified  to  produce 
the  voltage  for  the  exciter  field  winding  at  terminals  62  and  64.  The  exciter  field  winding  current  is  sensed 
by  the  shunt  resistor  34  and  filtered  by  a  switched  capacitor  filter  that  is  clocked  by  the  oscillator  output  and 
tuned  to  800  hertz.  The  center  frequency  of  the  filter  is  controlled  by  the  800  hertz  clock  signal.  The  applied 

35  voltage  (divided  by  100  by  divider  65),  current  signal  and  filter  output  are  brought  out  to  terminals  66,  68 
and  70  respectively. 

Figures  3A  and  3B  show  a  schematic  diagram  of  the  circuit  of  Figure  2.  Lines  which  connect  Figures  3A 
and  3B  are  labeled  as  72,  74,  76,  78  and  80  for  clarity.  The  circuit  is  powered  by  a  12  volt  battery  B 
through  a  switch  SW1  .  The  voltage  appearing  at  the  terminal  62  and  64  would  be  supplied  to  the  exciter 

40  field  winding. 
In  order  to  provide  a  more  complete  description  of  the  circuit  of  Figures  3A  and  3B,  the  components 

used  to  construct  that  circuit  are  listed  in  Table  I. 

45 

50 

55 
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TABLE  I 

Components  Used  in  Figure  3 

Component  Type/Value 

U1  555  timer 
U2,3,4  MC1  4526  counter 
U5  MC1  4049  hex  inverter 
U6  MF10CN  switched  capacitor  filter 
R1  3k  5% 
R2  7.5k  5% 
R3  100  ohms  5% 
R4,  6  10k  5% 
R5,  7  3.3k  5% 
R8,13,16  100k  1% 
R9  1  k  1  % 
R10  1  ohm  1% 
R1  1,1  2,1  4,1  5  10k  1% 
R1  7,1  8,1  9  1k  5% 
C1  2.2  U.F 
C2  .001  U.F 
C3  150  UF 
C4  180  U.F 
C5  20  U.F 
C6,7  .01  U.F 
C8,9  1  uF 
CR1.2  1N4148 
Q1,2  MTM1225 
T1  1  15/1  2/1  2V,  400  Hz 

Typical  tests  results  for  the  circuit  of  Figures  3A  and  3B  are  illustrated  in  Table  II.  Note  that  the 
readings  for  an  alternator  with  one  shorted  rectifier  vary  from  nearly  normal  to  higher  values,  depending  on 
rotor  position.  In  Table  II,  V/100  represents  one  hundredth  of  the  output  voltage  in  volts  appearing  between 

35  terminals  62  and  64,  I  represents  the  total  current  in  amperes  delivered  to  the  exciter  field  winding,  and  F 
represents  the  switched  capacitor  filter  output  on  terminal  70  in  volts. 

TABLE  II 

Experimental  Results  Obtained  with  the  Circuit  of  Figure  3 

Condition  V/100  I  F 

Not  connected  1.20  0.00  .011 
Good  alternator  1.10  .077  .015 
One  shorted  rectifier  .98-1.05*  .082-.120*  .015-.211* 
Two  shorted  rectifiers  .95  .095-.  144*  .015-.020* 
Shorted  main  field  winding  1.02  .092  .015 

'These  readings  vary  within  this  range  as  the  rotor  position  is  changed. 

The  parameter  values  illustrated  in  Table  II  were  measured  with  an  AC  voltmeter.  The  output  voltage 
declines  somewhat  as  the  circuit  is  loaded  due  to  the  characteristics  of  the  battery  used.  Figures  4  and  5 
illustrate  how  the  filter  output  voltage  and  total  exciter  field  winding  current  vary  with  rotor  angle  for  an 
alternator  having  one  shorted  rectifier. 

It  should  now  be  apparent  that  the  circuit  illustrated  in  the  figures  performs  a  method  for  testing 
rectifiers  mounted  on  rotors  of  brushless  alternators  by  applying  an  AC  voltage  to  an  exciter  field  winding  of 
the  brushless  alternator  and  measuring  the  magnitude  of  an  even  component  of  current  in  the  exciter  field 
winding.  The  magnitude  of  the  even  harmonic  current  component  is  then  compared  to  a  predetermined 
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value  (corresponding  to  an  alternator  with  known  good  rectifiers)  to  obtain  an  indication  of  the  operational 
status  of  the  rotor  rectifiers.  This  comparison  step  may  be  performed  by  a  comparator  circuit  in  accordance 
with  known  technology  or  manually  by  comparing  the  harmonic  component  magnitude  to  the  expected 
harmonic  component  magnitude  for  an  alternator  having  properly  functioning  rectifiers. 

5  Although  the  present  invention  has  been  described  in  terms  of  what  is  at  present  believed  to  be  its 
preferred  embodiment,  it  will  be  apparent  to  those  skilled  in  the  art  that  various  changes  may  be  made 
without  departing  from  the  scope  of  the  invention.  It  is  therefore  intended  that  the  appended  claims  cover 
such  changes. 

w  Claims 

1.  A  method  for  testing  rectifiers  (26)  mounted  on  rotors  (20)  of  brushless  alternators  (10)  characterized  by 
the  steps  of:  applying  an  AC  voltage  to  an  exciter  field  winding  (30)  of  a  brushless  alternator  having  a 
plurality  of  rectifiers  mounted  on  a  rotor,  said  AC  voltage  having  sufficient  magnitude  to  overcome  the 

is  forward  voltage  drop  of  said  rectifiers,  and  said  rectifiers  being  electrically  connected  to  an  exciter 
armature  winding  (22)  which  is  inductively  coupled  to  said  exciter  field  winding;  measuring  the 
magnitude  of  an  even  harmonic  component  of  current  in  said  exciter  field  winding;  and  comparing  said 
magnitude  to  a  predetermined  value  to  obtain  an  indication  of  the  operational  status  of  at  least  one  of 
said  rectifiers,  wherein  said  rotor  is  stationary  during  said  measuring  step. 

20 
2.  A  method  for  testing  rectifiers  mounted  on  rotors  of  brushless  alternators,  as  recited  in  claim  1  ,  further 

characterized  in  that  said  even  harmonic  component  is  the  second  harmonic. 

3.  A  method  for  testing  rectifiers  mounted  on  rotors  of  brushless  alternators,  as  recited  in  claims  1  or  2, 
25  wherein  the  measuring  step  is  characterized  by  the  steps  of:  producing  a  signal  representative  of  said 

current;  and  filtering  said  signal  to  derive  said  harmonic  component. 

4.  A  method  for  testing  rectifiers  mounted  on  rotors  of  brushless  alternators,  as  recited  in  claim  1  ,  further 
characterized  by  the  steps  of:  measuring  the  total  magnitude  of  said  current;  and  comparing  the  total 

30  magnitude  of  said  current  to  a  second  predetermined  value  to  obtain  an  indication  of  the  operational 
status  of  at  least  one  of  said  rectifiers. 

Patentanspruche 

35  1.  Verfahren  zum  Prufen  von  Gleichrichtern  (26),  die  auf  Laufern  (20)  burstenloser  Wechselstromgenerato- 
ren  (10)  angebracht  sind,  gekennzeichnet  durch  die  folgenden  Schritte:  Anlegen  einer  Wechselspan- 
nung  an  eine  Erregerfeldwicklung  (30)  eines  burstenlosen  Wechselstromgenerators  mit  einer  Vielzahl 
von  an  einem  Laufer  angebrachten  Gleichrichtern,  wobei  die  Wechselspannung  groB  genug  ist,  urn  den 
Vorwartsspannungsabfall  der  Gleichrichter  zu  uberwinden,  und  wobei  die  Gleichrichter  mit  einer 

40  Erregerankerwicklung  (22),  die  induktiv  mit  der  Erregerfeldwicklung  gekoppelt  ist,  elektrisch  verbunden 
sind;  Messen  der  GroBe  einer  geradzahligen  Oberwelle  des  Stroms  in  der  Erregerfeldwicklung;  und 
Vergleichen  dieser  GroBe  mit  einem  vorbestimmten  Wert,  urn  eine  Angabe  uber  den  Betriebszustand 
zumindest  eines  der  Gleichrichter  zu  erhalten,  wobei  der  Laufer  wahrend  des  MeBvorgangs  stationar 
ist. 

45 
2.  Verfahren  zum  Prufen  von  Gleichrichtern,  die  auf  Laufern  burstenloser  Wechselstromgeneratoren 

angebracht  sind  gemaB  Anspruch  1,  desweiteren  dadurch  gekennzeichnet,  daB  die  geradzahlige 
Oberwelle  die  zweite  Harmonische  ist. 

50  3.  Verfahren  zum  Prufen  von  Gleichrichtern,  die  auf  Laufern  burstenloser  Wechselstromgeneratoren 
angebracht  sind  gemaB  Anspruch  1  oder  2,  bei  dem  der  MeBvorgang  durch  die  folgenden  Schritte 
gekennzeichnet  ist:  Erzeugen  eines  dem  Strom  entsprechenden  Signals,  und  Filtern  des  Signals,  urn 
die  Oberwelle  abzuleiten. 

55  4.  Verfahren  zum  Prufen  von  Gleichrichtern,  die  auf  Laufern  burstenloser  Wechselstromgeneratoren 
angebracht  sind  gemaB  Anspruch  1  ,  desweiteren  gekennzeichnet  durch  folgende  Schritte:  Messen  der 
GesamtgroBe  des  Stroms;  Vergleichen  der  GesamtgroBe  des  Stroms  mit  einem  zweiten  vorbestimmten 
Wert,  urn  eine  Angabe  uber  den  Betriebszustand  zumindest  eines  der  Gleichrichter  zu  erhalten. 

5 
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Revendicatlons 

1.  Precede  de  test  de  redresseurs  (26)  montes  sur  des  rotors  (20)  d'alternateurs  sans  balai  (10),  procede 
caracterise  par  les  etapes  suivantes  : 

5  -  I'application  d'une  tension  AC  a  un  bobinage  de  champs  d'excitateur  (30)  d'un  alternateur  sans 
balai  possedant  une  pluralite  de  redresseurs  montes  sur  un  rotor,  ladite  tension  AC  ayant  une 
amplitude  suffisante  pour  prendre  en  charge  la  chute  de  tension  directe  desdits  redresseurs  et 
lesdits  redresseurs  etant  electriquement  raccordes  a  un  bobinage  d'armature  d'excitateur  (22)  qui 
est  couple,  de  fagon  inductive,  audit  bobinage  de  champs  d'excitateur; 

io  -  la  mesure  de  I'amplitude  d'une  composante  paire  d'harmonique  du  courant  dans  ledit  bobinage 
de  champs  d'excitateur;  et 

-  la  comparaison  de  ladite  amplitude  avec  une  valeur  predeterminee  pour  obtenir  une  indication  de 
I'etat  operationnel  d'au  moins  un  desdits  redresseurs,  ledit  rotor  etant  fixe  pendant  ladite  etape  de 
mesure. 

15 
2.  Procede  de  test  de  redresseurs  (26)  montes  sur  des  rotors  (20)  d'alternateurs  sans  balai  (10)  selon  la 

revendication  1,  caracterise,  de  plus,  en  ce  que  ladite  composante  d'harmonique  paire  est  I'harmonique 
de  second  ordre. 

20  3.  Procede  de  test  de  redresseurs  (26)  montes  sur  des  rotors  (20)  d'alternateurs  sans  balai  (10)  selon  les 
revendications  1  ou  2,  selon  lequel  I'etape  de  mesure  est  caracterisee  par  les  etapes  suivantes  : 

-  la  production  d'un  signal  representant  ledit  courant;  et 
-  le  filtrage  dudit  signal  pour  deriver  ladite  composante  d'harmonique. 

25  4.  Procede  de  test  de  redresseurs  (26)  montes  sur  des  rotors  (20)  d'alternateurs  sans  balai  (10)  selon  la 
revendication  1,  caracterise,  de  plus,  par  les  etapes  suivantes  : 

-  la  mesure  de  I'amplitude  totale  dudit  courant;  et 
-  la  comparaison  de  I'amplitude  totale  dudit  courant  avec  une  seconde  valeur  predeterminee  pour 

obtenir  une  indication  de  I'etat  operationnel  d'au  moins  un  desdits  redresseurs. 
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